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Abstract
Comorbid conditions in patients with hypertension on the background of occupational hazards create additional
problems in the treatment of hypertension. An analysis of working conditions in 76 workers of the Ivano-Frankivsk
armature factory who underwent regular medical check-ups regarding first-/second-degree hypertension (the
main group) showed that they were exposed to occupational hazards of chemical (acrolein carbon, iron oxide,
chromium, fluorine compounds, sulfuric acid) and physical (high temperature, noise, vibration, electromagnetic
radiation, dust) nature for a long period of time (from 4 to 11 years). Comorbid conditions were most often
observed among the patients of the main group as compared to the patients of the control group (n = 17), who
were not exposed to occupational hazards - 82.06% and 73.34% of cases, respectively. In the patients of the
main group, chronic bronchitis was detected in 26.56% of cases and coronary artery disease was diagnosed in
25.09% of cases as compared to 8.33% and 18.34% of cases in the control group. At the same time, 38.89%
of hypertensive patients of the main group were diagnosed with chronic bronchitis and concomitant coronary
artery disease, which were not observed in the patients of the control group. The patients of the main group
were more likely to have dyslipidemia, left ventricular hypertrophy, aortic fibrosis, hypertensive retinopathy as
compared to the patients of the control group. In the control group, patients with overweight and type 2 diabetes
mellitus prevailed. Quality of life assessment using the 36-Item Short Form Health Survey among the patients of
the main group revealed a significant decrease in the indicators of physical and vital activity, fulfillment of daily
professional duties. In the control group, a worsening emotional state prevailed.
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The objective of the research was to carry out
an assessment of comorbidity among patients with
arterial hypertension (AH), namely the employees
of the armature factory in Ivano-Frankivsk, being
exposed to industrial hazards.
1. Materials and Methods
There were studied the outpatient and dispensary
records and other medical documentation of 93
first-/second-degree hypertensive patients who un-
derwent regular medical check-ups during 2016-
2018 in the primary healthcare unit of the Ivano-
Frankivsk armature factory. Seventy-six patients,
who worked in production workshops, comprised
the main group; among them, there were 47 pa-
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tients with first-degree AH and 29 patients with
second-degree AH. The control group consisted
of 17 (22.67%) patients with AH, namely the em-
ployees of the factory administration, departments
of marketing, supply, technical control, account-
ing, and security; among them, 12 individuals were
diagnosed with first-degree AH, while 5 patients
suffered from second-degree AH.
The patients of both groups had previously un-
dergone clinical examination (outpatient and/or in
a hospital), during which their heart rate, blood
pressure (BP), anthropometric data (body mass in-
dex, abdominal circumference), results of electro-
cardiogram (ECG) and echocardiography, abdomi-
nal ultrasound, spirometry, chest radiography were
evaluated by standard requirements. The results of
blood tests for sugar, cholesterol, creatinine, aspar-
tate aminotransferase (AST) /alanine aminotrans-
ferase (ALT), C-reactive protein (CRP), etc. were
evaluated as well. The diagnosis of hypertension
was made in accordance with the recommendations
of the Association of Cardiologists of Ukraine for
the Prevention and Treatment of Hypertension and
2018 European Society of Hypertension (ESH) /Eu-
ropean Society of Cardiology (ESC) Clinical Prac-
tice Guidelines for the Management of Arterial Hy-
pertension [11, 14].
The analysis of working conditions among the
workers of the main group showed that, depend-
ing on their profession (heat treaters, blacksmiths,
welders, those working with sanders, tool grinders,
hot metal locksmiths, galvanisers, turners, millers),
they were systematically exposed to acrolein car-
bon, white corundum, nitrogen dioxide, iron ox-
ide, manganese, silicon, chromium, fluorine com-
pounds, sulfuric acid, chromic anhydride. In addi-
tion, a significant part of the workers in this group
were exposed to excessive temperature, noise, vibra-
tion, staying in a forced position for a long period
of time. Workers of the administration and security
(the control group) were more often exposed to non-
ionizing radiation of personal computers, emotional
stress, working at night (desynchronosis).
In both groups, the patients were assessed for
quality of life using the 36-Item Short Form Health
Survey (SF-36), which included the following in-
dicators: physical functioning (PF), role physical
(RP), bodily pain (BP), general health (GH), vitality
(VT), social functioning (SF), role emotional (RE),
mental health (MH) [5].
The average values of the examined patients
were determined using the analysis package in Mi-
crosoft Office Excel. The variational and statistical
analysis method using the statistical software Sta-
tistica v 6.1 (USA) was applied to assess the degree
of reliability of the research results as well.
2. Results and Discussion
The main group included only men at the age of
39-62 years with 11.45 ± 0.51 years of work ex-
perience. The minimal occupational exposure to
harmful substances was 4-11 years. Among the
patients of the main group (n=76), according to the
data of outpatient and dispensary medical records,
in 47 patients with first-degree AH, initial office
systolic blood pressure (SBP) was 146.53 ± 0.79
mm Hg and diastolic blood pressure (DBP) was
86.55 ± 0.94 mm Hg; in 29 patients with second-
degree AH, SBP was 164.52 ± 0.86 mm Hg, while
DBP was 99.48 ± 1.25 mm Hg. Among the pa-
tients of the control group (n = 17), there were 7
(41.18%) men and 10 (58.82%) women at the age
of 42-64 years. In 12 patients with first-degree
AH, initial SBP was 145.75 ± 1.69 mm Hg and
DBP was 86.75 ± 1.27 mm Hg; in 5 patients with
second-degree AH, SBP was 163.0 ± 1.74 mm Hg
and DBP was 100.8 ± 1.66 mm Hg.
The revealed baseline BP parameters in the
main and control groups did not differ significantly.
In the patients of the main group, before be-
ginning their professional activity, BP was within
normal limits. At the same time, they had no docu-
mented pathology of the heart, respiratory system,
kidneys, and peripheral vessels.
According to the study, among the patients of
the main group, dyslipidemia was detected in 48.94%
of cases; left ventricular hypertrophy was found
in 27.63% of cases; aortic fibrosis was found in
19.74% of patients; overweight was observed in
47.37% of patients; hypertensive retinopathy was
seen in 7.89% of cases. In addition, 31.58% of
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patients had a history of smoking, and 21.05% of
patients consumed alcohol on a regular basis (mod-
erate consumption).
The patients of the control group were diag-
nosed with dyslipidemia (31.58%), left ventricular
hypertrophy (23.53%), aortic fibrosis (11.76%) as
well. In addition, 23.53% of patients had a his-
tory of smoking, and 11.76% of patients consumed
alcohol moderately. In addition, the patients of
the control group were diagnosed with hypody-
namia (88.24%), overweight (52.93%) and obesity
(14.67%).
The effect of occupational hazards on the pa-
tients of the main group was as follows (Fig. 1). The
patients with first-degree AH most often noted noise
and vibration (72.34%), dust (65.96%); 57.45% and
40.43% of patients, respectively noted a forced po-
sition during the day and the effects of high temper-
ature in the workplace. The patients with second-
degree AH often complained of the effects of vibra-
tion, dust, noise - in 58.62%, 55.17% and 51.72%
of cases, respectively.
Some patients of the main group who suffered
from first-degree AH (21.28%) and those with second-
degree AH (27.59%) tried to avoid excessive expo-
sure to certain occupational hazards (high tempera-
ture, excessive noise, vibration, etc.), which were
associated with deterioration of their well-being in
the workplace, treatment in the medical unit, in-
crease in BP, additional intake of antihypertensive
agents. A similar pattern was found in patients with
comorbid (polymorbid) conditions [8].
Thus, patients with AH were diagnosed with
comorbid (polymorbid) conditions in the form of
chronic bronchitis, coronary artery disease (CAD),
type 2 diabetes mellitus (DM), obesity, pathology
of peripheral vessels, polyarthritis, etc. (Table 1).
Among the patients of the main group, comor-
bid (polymorbid) conditions were observed in 74.47%
of patients with first-degree AH, while in 25.53% of
cases, concomitant pathology was not found. In the
patients with second-degree AH, similar indicators
were found in 89.66% and 10.34% of patients, re-
spectively. Among the patients of the control group,
comorbid (polymorbid) conditions were observed
in 66.67% of patients; in the remaining patients of
this group, concomitant pathology was not revealed.
Among the patients with second-degree AH, co-
morbid (polymorbid) conditions were observed in
80% of cases, while in 20% of cases, concomitant
pathology was not found.
Thus, comorbid conditions were most commonly
found in the patients of the main group (82.06%),
while in the patients of the control group, they oc-
curred significantly rarer (73.34%).
According to the results obtained, chronic bron-
chitis was detected in 20 patients of the main group -
25.53% of patients with first-degree AH and 27.59%
of patients with second-degree AH. Among them,
16.67% patients with first-degree AH and 25% of
patients with second-degree AH were diagnosed
with COPD. Only 4 (20%) patients of the main
group were found to be heavy smokers, that indi-
cated the role of occupational hazards in the forma-
tion of changes in the bronchopulmonary system.
At the same time, only one patient of the control
group had chronic bronchitis.
Verification of chronic bronchitis was performed
according to standard requirements on an outpatient
and inpatient basis according to complaints, med-
ical and life history, X-ray data, spirometry, and
laboratory findings (blood, urine, sputum).
Disorders of the bronchopulmonary apparatus
under conditions of industrial production are known
to be associated with the direct effect of harmful
compounds, oxidative stress, systemic inflamma-
tion, hypoxemia, which, in turn, may affect the
metabolism of vasoactive substances, microcircu-
lation [4, 6, 12]. There has been proven the role
of hypoxia in the development of systemic hyper-
tension in patients with chronic bronchitis, as it
promotes the activity of the sympathetic-adrenal
system, the angiotensin-converting enzyme. More-
over, the role of vasoactive metabolic disorders in
the lungs (endothelin I, angiotensin II, histamine,
kinin, serotonin, etc.) in the genesis of hypertension
is not excluded. The involvement of renin in the
regulation of blood flow to the lungs was experi-
mentally proven as well [1, 4, 10].
Thus, long-term damaging effect of physico-
chemical factors on the bronchopulmonary appara-
tus and endothelial cells simultaneously can con-
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Figure 1. Nature of occupational hazard influence on hypertensive patients of the main group (n=76).
Table 1. Comorbid (polymorbid) conditions detected in hypertensive patients of the main and control
groups.
Comorbidities
AH
Main group (%) Control group (%)
first-
degree
(n=47)
second-
degree
(n=29)
first-
degree
(n=12)
second-
degree
(n=5)
Chronic bronchitis 25.53 27.59 8.33
(including COPD) (16.67) (25.0)
Chronic CAD 19.15 31.03 16.67 20
Type 2 DM 2.13 10.34 8.33 40
Peripheral vascular arteriosclerosis 8.51 6.90
Varicose veins 8.51 10.34 20
Chronic radiculitis 10.64 24.14 16.67 20
Obesity 4.26 6.90 8.33 20
Chronic prostatitis 3.45
Duodenal ulcer 2.13
Polyarthritis 3.45 16.67
Chronic pyelonephritis 2.13 3.45 8.33
Chronic cholecystitis 2.13 16.67
Uterine fibromyoma 8.33 20
Note: COPD – chronic obstructive pulmonary disease.
tribute to changes in pulmonary ventilation, increase
and stabilization of BP under conditions of indus-
trial production [2, 12].
In addition, 19.15% of first-degree hypertensive
patients and 31.03% of second-degree hypertensive
patients of the main group were diagnosed with
stable angina pectoris functional class (FC) I-II,
atherosclerotic cardiosclerosis. At the same time,
38.89% of hypertensive patients were diagnosed
with chronic bronchitis and concomitant CAD. In
the control group, the last variant of comorbidity
was not detected. The diagnosis of CAD was made
according to subjective and objective symptoms,
medical history, ECG results, echocardiography,
laboratory diagnostics, which were obtained during
examination in a hospital or polyclinic.
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The coexistence of AH and CAD indicated a
high cardiovascular risk among the patients of the
main group.
Type 2 DM was more commonly seen in the pa-
tients of the control group, while peripheral artery
lesions were observed in the patients of the main
group. It should be noted that among first-degree
and second-degree hypertensive patients with vascu-
lar lesions, CAD was diagnosed in 75% and 100%
of cases, respectively.
The influence of harmful factors on endothelial
cells is known to contribute to the formation of their
dysfunction, arteriosclerosis, increased stiffness and
resistance of peripheral blood vessels, reduction
in oxygen tension in the blood and tissues, which
stimulates chemoreceptors of arterial and venous
neurons, efferent sympathetic vasoconstriction [3,
7, 9].
Comorbid conditions in both groups were found
to depend on the patients’ age (Fig. 2).
Thus, in the age groups of 41-50 years and 51-
60 years, comorbid conditions prevailed among the
patients of the main group (high confidence level
(R2) along the trend line). Among the patients at
the age of ≥ 61 years, the incidence of comorbid
conditions was the same in both groups (100%).
The results obtained indicated that the effect of oc-
cupational hazards can be an additional age-related
change factor, that contributes to the increase of co-
morbidity parameters in the main group of patients.
Analysis of the efficacy of antihypertensive treat-
ment according to the patients’ referrals to the med-
ical unit of the armature factory and regular medical
check-ups showed that the therapy applied did not
significantly affect the clinical course of concomi-
tant diseases in both groups on the background of
following doctor’s recommendations by the major-
ity of patients. The issue of reaching target BP in
the patients of the main and control groups needs
further study. It can only be noted that all the pa-
tients in the main group received combination anti-
hypertensive therapy.
At the same time, quality of life assessment
with the SF-36 questionnaire among the patients
of the main and control groups showed a decrease
in the indicators of its individual scores [5]. In
the main group, the decrease in physical and vital
activity, the fulfillment of daily professional duties,
the restriction of the patient’s activity through pain
etc. prevailed. In the control group, a worsening
emotional state prevailed (Fig. 3).
Nowadays, therapists and family physicians, un-
fortunately, do not pay attention to the problem of
comorbidity timely and efficiently, and treat the un-
derlying disease paying no attention to the patient’s
life history, comorbid conditions, the correlation
of concomitant pathology and the general healing
of the body; however, there are no separate dis-
eases. Treatment of comorbid (polymorbid) condi-
tions requires adherence to certain tactics of rational
pharmacotherapy, high professionalism in clinical
context and a wide range of knowledge in the field
of related specialties [8, 9].
At present, there are no clear diagnostic and
therapeutic approaches that allow doctors to iden-
tify comorbid conditions and the methods of their
effective correction timely. In this category of pa-
tients, it is necessary to determine the degree and
nature of functional disorders, potential morpholog-
ical changes in nosological forms revealed timely.
Therefore, the appearance of non-typical or even
slightly expressed symptom on the background of
AH treatment requires special attention and an ad-
ditional examination to determine its origin, as the
long-term impact of occupational hazards can serve
as one of the triggers for the formation of comorbid
diseases, including AH. The prognosis of the dis-
ease is determined by the level of BP, as well as the
presence and severity of concomitant risk factors,
diseases.
Therefore, in case of long-term exposure to oc-
cupational hazards, breaking the chain of pathogenic
events at its various stages with the help of certain
medications and non-drug treatments will allow to
prevent or slow down the formation of cardiovas-
cular risks, reduce the manifestations of concomi-
tant diseases and their complications, improve the
patients’ quality of life [13]. On the other hand,
the treatment of comorbidity often contributes to
polypharmacy, thereby increasing the risk of devel-
oping undesirable side effects of drugs, especially
in elderly patients. These are often regarded as a
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Figure 2. Incidence of comorbid conditions in patients with AH depending on age in the main and
control groups (%).
Figure 3. Dynamic changes in quality of life indicators according to the SF-36 questionnaire in
hypertensive patients of the main and control groups (%).
new manifestation of comorbidity that causes more
drugs to be prescribed. Modern international ran-
domized trials mainly solve the issue of comparing
the effectiveness of different drug classes or their
combinations in treatment of hypertension. How-
ever, the possibility of using the results of these
studies in real clinical practice is often limited, since
comorbid conditions are not taken into account in
the protocols for managing patients with AH; there-
fore, this situation requires further clinical studies.
3. Conclusions
1. It is necessary to comply with the require-
ments of the Order and the Systematic Pro-
visions for determining the professional suit-
ability of workers with hypertension under
the influence of occupational hazards.
2. If patients are diagnosed with first-/second-
degree AH, they should be referred to the
appropriate dispensary group with a survey
once a year at the place of medical care (in
the absence of special indications).
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3. Early clinical examination of hypertensive
patients with comorbidity will allow physi-
cians to determine the treatment strategy for
coexistent diseases at different stages of their
development timely, as well as to prevent the
risks of possible cardiovascular events.
4. Among the dispensary group of workers of
the Ivano-Frankivsk armature factory, who
were exposed to occupational hazards, the
most common comorbid conditions in hyper-
tension were chronic bronchitis, CAD, pathol-
ogy of peripheral vessels and kidneys.
5. In industrial production, the main direction
of protecting the workers’ health is to reduce
the impact of occupational hazards on the
workers by improving the logistics of preven-
tive organizational and technical and medical
measures.
4. Prospects of Further
Researches
The study of the features of individual antihyper-
tensive therapy in patients with manifestations of
comorbidity against the background of occupational
hazards is promising.
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